Abstract: Introduction: Diabetic nephropathy is a chronic complication in patients with diabetes mellitus typ 1, which leads to kidney disfunction.
INTRODUCTION
Diabetic nephropathy (DN) is a chronic complication in patients with diabetes mellitus typ 1(DMT1), which leads to progressive decay of the parenchyma and kidney disfunction (1) . First stage of DN, marked as hypertrophic hyperfiltration, varies in duration, occurs within the first five years after diagnosing DMT1 (1, 2). Size of kidneys enlarges 20%, renal blood flow increases 10-15%, while albuminuria (AER) and blood pressure are within referential values. Second stage of DN is characterized by occurrence of albuminuria (AER) (2). Albuminuria is clinically the first detectible sign of DN and in following years has a tendency to progress into manifested proteinuria. In this stage the size of kidneys and glomerular filtration are elevated with pronounced AER. Blood pressure may be elevated or within normal values. Manifested AER is pronounced in the period of 10-15 years upon diagnosing DMT1 (3) . Size of kidneys and glomerular filtration (GF) may be within referential values, but AER and blood pressure are elevated (4, 5) . In initial stages of DN in children with normal renal function, ultrasound exam showing enlarged dimensions of kidneys in relation to standards may be an early pathomorphological sign of parenchymal kidney lesion. It has been noticed that, besides kidneys, other organs were also enlarged in the initial stage of DM (1, 5, 6 ). Maintaining appropriate metabolic control with regular ultrasound examinations of kidneys and controlling AER might affect the appearance of and inhibit the occurrence of progression of DN in children and youth.
The aim of this study was to compare the metabolic control and albuminuria with ultrasound findings of morphometric measurements and registration Doppler signals of kidneys between children and youth with diabetes mellitus type 1 according to the duration of illness.
MATERIAL AND METHODS
The analysis included 69 patients of both genders whose DMT1 occurred when they were in age from 2. to 25. years, and regularly have controls at Endocrinology ambulance in the Clinic for children and Clinic for internal diseases of the University Clinical Center Tuzla (UCC Tuzla). Patients have DMT1 for various lengths of time, they were of different ages when DMT1 occurred. All data of our patients were acquired based on available medical documentation (illness history and medical charts), questionnaire, physical examination and laboratory findings. Data for questionnaires was gathered from parents of patients younger than 18 and from patients themselves if aged over 18, with their consent in accordance with procedure in UCC Tuzla.
The major part of laboratory testing was conducted within previous hospitalizations at the Clinic for children and Clinic for internal diseases, and performed at the Institute for Biochemistry of the Polyclinic for laboratory diagnostics of UCC Tuzla (4, 6). AER was determined in native urine via nephelometric method with reagents from Dade Behring Company. Creatinine concentration in urine was determined through auto-analyzer using a kinetic method by Dade Behring Company.
Afterwards, the relation between albumin and creatinine in urine was determined (5) . Before the exam, the blood pressure was measured by the patients while sitting and laying down, on both hands, using a mercury manometer instrument. Information about the duration of DMT1 and metabolic control was analyzed from patient's medical history and medical charts.
The clearance of endogenous creatinine was determined through Schwartz equation, and based on Counahan-Barrat equation glomerular filtration (GF). To apply Schwartz equation, values of creatinine clearance, height of the patients and serum creatinine values were necessary, along with constant equations adjusted in accordance with age groups and gender (5) .
By employing real-time technique on Toshiba Corevision 350 and Logiq 3 machines and using a multi-frequency convex probe of 3.75 mHz, dimensions of both kidneys individually were measured, first in a lying position on the back of patients, and then in the right and left "semi-oblique decubitus-position", also the longitudinal diameter of the kidney, width (expressed in mm) were measured, parenchyma echogenity, sinus appearance was monitored and kidney volume in milliliters (ml) was determined (7, 8) . Analyzed also were dimensions of kidneys, acquired from the maximum longitudinal so-called central medium longest kidney diameter. The width of parenchyma was measured through the previous intersection located at the junction of medial and peripheral third. All values of acquired parameters were compared to the values of nomogram (percentiles) officially used in standard measurements with children, related to decimal age, body height, mass and body surface (7, 8) . Upon colorization of arterial and vein flux, the Doppler spectrum was monitored on renal and interlobar arteries, and expressed as index of resistens (IR) (9, 10). It was compared to official nomograms for children in accordance to decimal age, body height, mass and body surface (9) .
Statistical analysis was performed with biomedical application software called "MedCalc for Windows, version 114.4". For statistical significance of value p the usual level of significance, p < 0.05, was chosen (11).
RESULTS
The entire sample encompassed 69 patients, 36 (52.17%) had DMT1 longer than 10 years (first group), and 33 (47.83%) less than 10 years (second group). No statistically significant difference was found in proportions of patients between the both groups (p = 0.609).
From 69 patients, 41 (59.42%) were male and 28 (40.58%) were female, with male:female ratio 2.28:1. Male patients were significantly more represented (59.42 vs. 40.58; c 2 = 4.89; p = 0.02). Table 1 shows the demographic date of patients with DMT1 related to illness duration. There were statistically significant differences among means of age, and the age when DMT1 occurred in first group, compared to the second group (p = 0.002; p = 0.004). Statistically significant difference was found in the mean of duration of DMT1 in patients in first group compared to patients from second group (p < 0.001). Statistically significant difference in gender distribution in the both groups was not found.
There was no statistically significant difference among the groups considering the frequency of AER (p = 1.0), but there are greater chances of occurrence of AER in the first group, i.e. with longer duration of DMT1 (> 10 years) ŠOR = 1.062 95% CI (0.413 -2.733)¹, it is shown in Table 2 .
Elevated albumin/creatinine (urine) ratio was documented in 18 (30.51%) patients with DMT1 >10 years, while in second group with shorter DMT1 duration (< 10 years) it was documented in 16 (44.4%) patients, without significant differences in frequency, as shown in Table 3 . *US = ultrasound, N = normal finding, P = pathological finding, n = number of patient. Table 4 provides an overview of statistically significant higher value of glikolizated hemoglobin A1C (HbA1C), systolic and diastolic blood pressure, body mass index (BMI) in patients with AER and DMT1 lasting longer than 10 years, in relation to patients with shorter DMT1 duration. Statistically significant difference in glycaemia between the both groups was not registered.
Statistically significant higher creatinine clearance was present in patients with AER, whose DMT1 has lasted less than 10 years, in comparison to patients who have had DMT1 longer (t = 2.08 df = 17; P = 0.008), as shown in Table 5 . Figure 1 shows ROC curve of relation between duration of DMT1 and AER, with calculated duration of DMT1 of 11.6 years in children and youth, time necessary for development of AER. After 11.6 years, 50% of patients with AER will develop other form of DN, and in the group with no AER, 77% will not develop DN (12). Table 6 and 7 present the frequency of ultrasound (US) pathological findings of longitudinal diameter of the right and left kidney in patients with DMT1 > 10 years, related to decimal age, body height, mass and BMI, with no statistically significant difference compared to patients with DMT1 < 10 years.
The frequency of US pathological findings of the volume of right kidney in the group of patients with DMT1 > 10 years, related to decimal age and BMI, is not statistically significantly different from the second group, while according to body mass and height are a significant different, as shown in Table 8 . Table 9 shows in relation to patients with DMT1, frequency of US pathological findings for left kidney volume is statistically significantly higher for group of patients who have had DMT1 > 10 years, in accordance to their body height and mass.
Proportion test determined that there is no statistically significant difference in frequency of pathological findings of IR in renal and interlobar arteries in the right and left kidney, in relation to duration of DMT1, as shown in Tables 10 and 11 . 
DISCUSSION
Average age of our patients in the first group was 19.2 years and statistically significantly differed from the age of patients in the second group. DMT1 is the most common illness in elementary school-aged children and over 80% of children and adolescents is aged under 20 when DMT1 is diagnosed Š13¹. The average age of occurrence DMT1 in our patients was preschool and elementary-school years, with emphasized statistical difference beetwen the both groups. DMT1 may occur at any age of life, although most patients had it diagnosed in childhood and early adolescence (13, 14) .
In the group of our patients with AER, statistically significant higher values of HbA1C, systolic and diastolic blood pressure and BMI were found. Inadequate metabolic control directly correlated with kidney hyperfiltration and hyperperfusion. It presents one of the major risk factors for occurrence of AER among children and youth with DMT1 (15, 16) .
High levels of HbA1C as a marker of chronic hyperglycemia are the most commonly determined risk factor for appearance of AER and development of DN in children and youth with DMT1 (16) . Elevated values of systolic and diastolic blood pressure, according to some authors, appear independently from AER (16, 17, 18) . Despite the high prevalence of elevated blood pressure in children with DM and AER, prospective longitudinal studies shows the great influence of other risk factors, especially those that are inherent (17) . BMI values above 95 percentiles are noticeable at the onset of DMT1, while after a long time of duration of DMT1, it may occur in children due to irregular or misused insulin therapy (19). Higher or lower BMI values of our patients are possibly explained by various ages during this research.
Duration DMT1 in our children and youth necessary for development of AER was 11.6 years ( Figure 1 ). Sensitivity in one half of our patients will confirm the presence of AER, while higher specificity in three quarters of patients will exclude those who do not have AER (Figure 3) . It means that probably 50% of all patients will show some signs of nephropathy after 11.6 years duration of DMT1. A more reliable evidence is the fact that 77% of patients will not have AER, after 11.6 years with the illness, but it is possible that they will exhibit certain distorted parameters of metabolic control, such as HbA1C, elevated blood pressure or BMI.
This crucial information, that 11.6 years of DMT1 duration is necessary for development of AER as an early sign of nephropathy, opens up a possibility and chance to detect early morphologic and functional changes on kidneys in ill children and youth before.
For prevention, further progression of DN, development of hypertension and other chronic complications, time period is of essence. This is the so-called intervention point, critical time for prevention of most important risk factors in renal weakening progression: hypertension, infections and distorted metabolic control (20) . DN itself and factors of its appearance can not be prevented and can be influenced very little, but side effects, such as infection, hypertension, disturbed metabolic control, as well as obesity, can be regulated with a systematic and scientifically based manner.
Hyperfiltration and kidney hyperperfusion are difficult to determine, so reliable measurement (quantification) of AER remains one of the most reliable tests (17, 19, 20) .
In the research by Turkish authors, AER prevalence was higher in their patients, by whom DMT1 were diagnosed before the age of 15, but also significantly higher in patients with longer duration of DMT1 (20) . Statistically, there was no significant difference between the groups of our patients in frequency of AER (p = 1.0), but chances of AER occurrence are higher in the patients with longer duration of DMT1 > 10 years. Nowadays, the duration of DMT1, blood pressure, and poor metabolic control are the major risk factors for the development and progression of DN. Some of habits, just as cigarette smoking and eating fast food have big influence to metabolic control and progression DN. Positive family history of renal disease with low socio-economic status with longer duration of DMT1 may accelerate progression of DN. Elevated relation albumin/creatinine in urine does not significantly differ in both groups, while the possibility of occurrence of elevated values of albumin/creatinine in urine is equal in both groups of our patients. Considering the limitations of this study with a fewer number of patients, a more decisive conclusion could be drawn on samples with higher number of patients (1, 16, 20) . Nevertheless, statistically significant lower value of creatinine clearance occurred in our patients with DMT1 > 10 yeras, related to patients with shorter period of duration DMT1 (P = 0.008). Elevated values of creatinine clearance in our patients with shorter DMT1 history can be explained with hyperfiltration in the initial stage of DN (15, 16) . In the group of our patients who have had DMT1 > 10 years, longitudinal diameter of both kidneys was not significantly changed in relation to applied standards for age and anthropometry parameters. Other authors as well, in similar research, gathered almost identical results (9, 13) . A more significant aberration of volume of right and left kidney in relation to standards for body height and mass was found in the group of patients who have DMT1 > 10 years. Enlargement of kidney volume in DM appears with retaining salt and water, as well as complex pathophysiological processes on the very small blood vessels (14, 16) . Enlargement of dimensions and volume of kidneys is one characteristics of DMT1 in the stage of hypertrophic hyperfiltration (13, 16) .
In our study, no significant differences were noticed in frequency of pathology result for IR in renal and interlobar arteries in the right and left kidney among patients with various length of DMT1. Higher values of IR follow the progression of DN only in clinically manifested and advanced stadia of DMT1 (23). In the stage of hyperfiltration, IR values may be lower than normal. Hyperfiltration, as a hemodynamic change, cannot be diagnosed based only on IR in most patients with DMT1 (23, 24). Color Doppler ultrasonography has not proved to be a sensitive method in early stages of detecting complications of DMT1 at the small kidney blood vessels (24) . It is difficult to explain that the dimension and volume of kidneys in certain stages of DMT1 change, they enlarge, while Doppler spectrums above blood vessels remain unchanged.
CONCLUSION
Early lesions of kidney parenchyma with following metabolic control appear after 10 years of duration of diabetes and are rarely registered earlier. More intense surveillance over metabolic control, along with following albuminuria, could be useful for defining optimum time frame for screening and prevention of diabetic nephropathy.
Ultrasound exams of dimensions and volume of kidneys are useful parameters since they can be applied and analyzed with parameters of metabolic control, especially in early stages of DN (hypertrophic hyperfiltration). Changes on blood vessels in early stages of diabetic nephropathy are not clear and evident, so pathologic values could not be registered using Doppler spectrum.
